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S (54) Title: INVESTMENT CASTING MOULD 
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IMPROVEMENTS IN AND RELATING TO INVESTMENT CASTING 

The present invention relates to improvements in and relating to investment 
casting. In particular, the invention relates to a method of investment casting 
5 which involves the successive application of one or more coats of a refractory 
slurry to an expendable pattern, so as to build up a shell. The present invention 
further provides a refractory slurry for use in the method of the invention, and a 
kit of ingredients for putting the method of the invention into effect. 

10 The process of investment casting, otherwise known as the lost wax process, is 

well known and widely used. Typically, the process involves dipping a wax model 
into a slurry comprising a binder and a refractory material, so as to coat the model 
with a layer of slurry; applying a stucco coating of dry refractory to the surface of 
the layer; allowing the resulting stuccoed slurry layer to dry; and applying further 

15 stuccoed slurry layers as appropriate to create a shell mould around the wax model 
having a suitable thickness. After thorough drying, the wax model is eliminated 
from the shell mould, and the mould is fired. 

Environmental considerations dictate that the binder used in the investment casting 
20 process should be water-based, rather than alcohol-based. Customarily, the binder 
used comprises an aqueous colloidal silica sol. When combined with a suitable 
refractory material into a slurry, aqueous silica sols are capable of gelling and 
drying to form a green shape having an acceptable degree of green strength. 
However, where an unmodified aqueous silica sol is used, the time taken for this 
25 process is disadvantageously long. A single stuccoed slurry layer, applied to a wax 
model in the course of investment casting, may take between 3-8 hours to dry. 
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Where the mode, copses recessed parts - — * 
II drae .» be increased «o 24 hours or more. Doting production o a she, 
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between 12 hours and several days. 
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Considerable effort has therefore been devoted m the prior an 
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the coal drying time. Thos, for example, EP-A-063M re 
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* Accordmg to one aspect of ,he present invention, therefore, Utem , provided a 
raethod of investmen. casting, comprising the sreps of mixing a bmder, a 
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refractory material, and a quantity of water-insoluble organic fibres to form a 
slurry; coating an expendable pattern with a coat of said slurry; and drying said 
coat or allowing said coat to dry to form a shell. 

5 Optionally, a plurality of coats may be applied successively to said expendable 
pattern, each coat being partly or wholly dried or allowed to dry prior to the 
application of the next coat. Typically, between 2-10 coats, more preferably 3-8 
coats, still more preferably 3, 4 or 5 coats, are successively applied to said pattern. 
In some embodiments, said expendable pattern is precoated in accordance with 
10 known conventional methods with a coat of slurry comprising no water-insoluble 
organic fibres, prior to the application in accordance with the present invention of 
one or more coats of fibre -modified slurry. 

According to a further aspect of the present invention, there is provided a slurry 
15 comprising a binder, a refractory material and a quantity of water-insoluble 
organic fibres, which slurry is adapted for use in the method of the present 
invention. 

According to yet another aspect of the present invention, there is provided a kit 
20 adapted for putting the method of the present invention into effect, said kit 
comprising a quantity of a binder, a quantity of a refractory material, and a 
quantity of water-insoluble organic fibres; said binder, refractory material and 
fibres being adapted to be mixed to form a slurry in accordance with the present 
invention. Said refractory material may be packaged and/or supplied separately 
25 from the other ingredients of the kit. Alternatively, said binder may be packaged 
and/or supplied separately from the other ingredients of the kit. Optionally, said 
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fibres may be dispersed in said binder. Anernarivery, said fibres may be mixed 
with said refractory. 

Surprising, ft. P-n. invents have found m a — » ^comprising a 
q „a„u,y of warer-insoiubie organic fibre, is oapable of forming srgnrfroanUy 
tUck er coats around dipped objecrs than are slurries of .he .ypes known . me 
prio, an. An increase in coa. sickness obviously implies a concomnan, decrease 
I me number of dippmg cycfes reared ,o build a moufd of sufflcien. micknes, 
M d bence a significan. redudon in .he ra.e of refracbory mouhd producon. Coa K 
of fibre-modified sharry are subjec. .0 a comparabfe drying .ime in companson 
*» me producs of ft. prior ar,, and have been found .o possess a comparabfe 
green strength. 

„ bas furthermore been found .ha, me efficacy of ,las.ome,modified binders of 
fte kind disclosed in EP-A-0638379 and US 4996084 is largely decoyed b, 
exposure of !he binders .o .ow .empcrafunes ffC and below). In . me 

e,as.omer.modffled composirions of .be prior aft however, fibm-modriied 
re{ra cory slurries in accordance wirh .be prasen, invenfion have been found ,0 be 
comparible with many rypes of anbfreeaes. This will merefore make possrb.e ma 
addibon of -ifrecae ,o binders inrended for use in .be fibre-modifred sharnes o, 
fte presen, invenfion, bence facffiUfing wi„,e, rianspor, and s,orage of snch 
binders. 

Advanbrgeously, said fibres are dispersed in said binder prior ,o me addibon of 
, sard refracmry mabaria.. This w,U p,omo,e ,he formafion of a smoo,h and smWe 
slU ry. However, said refracory ma,e„af may al,.m.Uve,y be added ,o sard bmde, 
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prior to the addition of said fibres. Alternatively, said fibres may be mixed with 
said refractory material prior to the addition of said binder. 

Optionally, said expendable pattern may be coated with said slurry by means of 
pouring said slurry over the pattern. More preferably, however, said pattern may 
be coated by means of dipping the pattern into a receptacle containing said slurry. 
Conveniently, a plurality of patterns, which may for example be held on a "tree", 
may be dipped simultaneously into said receptacle, thereby enabling the 
simultaneous production of a plurality of shell moulds. 

Advantageously, a plurality of coats of slurry may be applied successively to said 
expendable pattern. In accordance with usual practice, each coat of slurry may be 
stuccoed with a dry refractory material such as an aluminosilicate such as 
Molochite® (available from English China Clay), or mullite (available from 
Cermatco), or zircon, or fused silica, prior to the application of the next coat. 
Additionally, or in the alternative, one or more of the coats, typically one or more 
of the outermost coats, may be stuccoed with small polystyrene beads. This will 
serve to improve the insulating properties of said outermost coats. Preferably, each 
coat of slurry may be completely covered with a layer of said dry refractory 
material or said small polystyrene beads prior to the application of the next coat. 

Advantageously, said method may further include the step of eliminating said 
expendable pattern from said shell. Said expendable pattern may conveniently be 
eliminated by means of heating said shell to a temperature which exceeds the 
melting point of said pattern such that the pattern is caused to melt, and draining 
the pattern from the shell. Alternatively, said pattern may be eliminated by means 
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„ f hea.ing said shell ,o a .empire which exceeds .he snblimarroa or 
decompose lemperalare of said pauern such ma, ,he pauern is cosed* 
aoh.ime or decompose, aod causing or permiuing >he partem ro escape from .he 
shell as a gas. 

Where said pauern comprises a wax mode,, .he wax may, for example, he 
firing the wax. 

Prefers, said flhres may he se,ec,ed soch dra. me s,ep of 
a„em L me shoo does oo. ca.se me a— of me flhres from - ** 
Thas, where said pauern is .0 be eflminared hy means of hcaung sa, she,, m aa 
.Uminario. remperarore which exceeds ft. meidag poia. or sabhmauoa 
remperamre or decompoairion remperamre of said axpeodahie pa.un. sa d flbms 
^ho aeieced sach ma, .he memng poia. of said flares exceeds 
..mperamre. This wifl ensorc ma, me flhres remaia m,ac, ao— mg 
. .ularion of me parrera. The reunion of said flhres m me she„ wrH serve ,o 
maialaia rhe grcea streagm of me shell. 

Typical,,, me melriag pain, of said fibres ma, he ia me region of .50-500-C, 
plably 180-270-C sfll. more preferably 220-270-C. Sach flhres may be 
pamcolarly appropriare for ase m conjoncdon wim a„ expendable wax pauern. 

«. memod of me presea, mveaflon may mflher comprise me srep of headng said 
, Z .0 a firing .emperamre for flriag .he she,,. Typically, said flrmg .emperamre 
may be ia rhe range from 800°C lo 1100°C 
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Advantageously, said fibres may be selected such that the melting point of said 
fibres is lower than said firing temperature, such that said fibres are melted when 
the shell is fired. Accordingly, said fibres may be eliminated from the shell during 
or following firing. The elimination of said fibres from the shell will serve to 
create porosity in the shell, thereby making possible the escape of expanding gases 
from the interior of the shell during the subsequent casting of molten metal 
therein; and hence reducing the likelihood that the shell will crack under internal 
gas pressure generated at this stage. 

Said fibres may be spun and cut or milled in accordance with methods well known 
to the man skilled in the art. In preferred embodiments, the fibres used are of 
uniform or substantially uniform length, so as to promote the formation of a 
uniform slurry. Accordingly, each fibre may be less than 3mm in length, and/or 
greater than 0.25mm in length. Typically, each fibre will be between 0.25mm and 
1.5mm in length, most preferably 1-1. 5mm in length. However, the fibres used 
may alternatively be of varying lengths. 

In some embodiments, said quantity of fibres constitutes less than 10% by weight 
of the slurry. Preferably, said quantity of fibres may constitute less than 8%, more 
preferably less than 5% (for example, 4%, 3%, 2% or 1%), or still more preferably 
less than 1% (for example 0.5% or less), by weight of said slurry. The quantity of 
fibres used will be a factor in determining the viscosity of the slurry; and hence 
may be selected in each case to attain a slurry viscosity appropriate for the specific 
use or application intended for the slurry in that case. Where 1mm fibres are used, 
the quantity of fibres incorporated into the slurry may advantageously be 15-20g/l 
of binder. Where 0.5mm fibres are used, the quantity of fibres incorporated into 
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said fibres may have a denier in .be range 1*4* more preferably 1*41. 
Altemarively, said Bbres may be nricrodenier fibres. 

Said fibres nray be se.ec.ed such rha. .be specific gmvriy of .be fibres is e,ual ,o 

L .o .he specific gravi, of .be border, sod, ft* ft. fibres can be readdy 
Id only dispersed widrin said border. Typically, * specific gravriy of sard 
tl Z be L - range 0,-3, more preferably OMA ^ - »— * " 



1.5. 



* fibre ,engrh, ,oanU.y of fibres, and manri,, of Uamd . ^™ 
a„u S ,y be se.ec.ed such « ,e vrscosi., of rhe . - 
». Soi.ab.y, said desired range of shrrry viscosrry may be 26-32 seconds 
ZZL on B4 cap ,8-12 seconds measnred on a Zahn 4 cop). Tbe de,red 
measureoona Kr k » wtween 10 and 180 seconds measured 

» ,a»ge of slurry viscosily may however be bemeen 10 an 

on B4 enp, dependmg on .he nse ,o which me shaxry is . he pul. The vsccsriy 
Ilia J, may be adjusred dunnguse by me addifion of deionised warer, m 
order to compensate for evaporation losses. 

* said fibres may, for example, comprise po.vpropy.ene fibres. —1 y^d 
fibres may comprise Cher organic w»,er-inso,ub,e fibres such as acryhc po.yea.er, 
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modified acrylic, nylon, or viscose/rayon fibres. The attributes of these fibres are 
set out in Table 1. 



Fibre tvne 


Snprifir 
gravity 


]Vf pltinf* 

point CQ 


to acid 


IVVJlSUllltC 

to alkali 


Acrylic 


1.17 


290 


Good 


Fan- 


Polypropylene 


0.91 


165 


Good 


Good 


Modified 
Acrylic 


1.38 


185 


Good 


Fair 


Nylon® 


1.14 


252 


Fair 


Good 


Viscose/ 
Rayon 


1.52 


155 


Poor 


Poor 


Polyester 


1.38 


234 


Good 


Fair 



TABLE 1 



Most preferably, fibres with good distributive properties may be used, such as 
Nylon® or polyester fibres. The above list of fibres is not exhaustive, and any 
water-insoluble organic fibre with suitable properties known to the skilled man 
may be used. In particular, bi-component fibres, comprising two or more fibre 
types woven or welded into each single bi-component fibre strand, may 
advantageously be used. 
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OptionaUy, said shun, may comprise further ingsedients, for modifying or 
improve me properties of me s,ur*. For example, said slurry ma, contorts, an 
JLamutg a g e„,, such as an antifoaming a g «n, based on dUnemyl^sdoxane, 
sech as WEX proprielory product AI0, which is commercial,, avadable from 
5 WEX Chemicals, ICG House, S,a.ion Approach, O.dfield Une North, Greenfotd, 
Middlesex UBd OAL, England. Addirionally or alrernadvely, said slurry may 
comprise elastomers and/or wa.e,sol»blo polymem arch as sryrene bnradrene 
,a,ex. Said shun, may also comprise one or mo. werting agenrs, such as 
Dis (po.,oxye.hylene) 2-e.hylhexylphospha.e (commercially available under me 
10 Registered Trade Mark VICTAWET). 

,„ some embodiments, a a quantity of graphite and/o, antracite partic.es and a 
_* of fused silica may be incorporated in said start,. Option* sard 
gmphite and/or antmcite particles and fused silica may be incorporated m sard 
15 slurty on., prior to the application of me outetmos. coat or coats to sard mode.. 
The gmphite wffl serve to increase me stmngth of said coat o, coats donng wax 
melt on. and drying. The presence of fused silica, having a .ow thermal 
conductivity, wffl serve to improve the instating Parties of the outermost coat 



20 



or coats. 



25 



,n particular* prefermd embodiments, said binder comprises a coHotda, sta so.. 
Said silica sol may be alhalure, and may for example have a pH in me range 9.3 - 
105 preferably .0.1.10.5. Alternative.,, said silica so. may he acidic, whether 
lri p,e deionised or not. Said adieu so. may comprise 10-50% wtfw. silica fvptcoU, 
M .30* w!/wt silica. Suitable binders fot mis purpose am wide.y avariable 
commercial foe example LUDOX® (avadab.e from Dn Pont), or WEXCOAT® 
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(available from Wex Chemicals at the address given above). Optionally, further 
components such as phosphates may be included in said binder. 

Alternatively, said binder may comprise an acid or alkali hydrolysed ethyl silicate 
5 binder, of the kind known in the art. 

Said refractory may comprise aluminosilicates, magnesia, zircon, fused silica 
and/or other refractory materials well-known to the man skilled in the art. 
Typically, the amount of refractory used may comprise 100-500% wt/wt, more 
10 preferably 100-200% wt/wt, still more preferably about 150% wt/wt, of said 
binder. 

Examples 

15 Following is a description, by way of example only, of embodiments of the 
present invention and methods for putting the invention into effect. 

Example 1 

A slurry in accordance with the invention was produced from the following 
20 components: 

Silica Sol Binder 

An aqueous silica sol comprising 24% Si0 2 , having an specific gravity (relative 
density) of approximately 1.167 and a nominal particle size of 10 nm at a pH of 
25 10.2, and 0.5% wt/wt antifoam (WEX antifoam A10). 
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Molochite® (calchted alumlnosi *~ * — * ^ 

English China Days). 

I Water-insoluble organic fibres 

Nylon® fibres; 1.8 denier, 1mm length. 

. ,„ H » M , ows 20g of Nylon® fibres were added to 1.170kg 
The sluny was produced as follows, aug ,,« toof 

ot me silica so, binder and mixed to disperse the fibres Iheretn. 1.7551* of 
0 2 fory (3f2 WVW. ratio of refractory : binder) was added 10 .he resulomg fibre- 
w ilder. The resulling mi* was ste d fhotoughly . prCuce a 

wt/wt fibretsluny). Following Ihorough action and 
viscosity of the deny was tested using a Zahn 4 viscosity measunng cup (re-, 
viscosity oi me a in seconds! in accordance 

10 seconds) and a B4 viscosity measunng cup (result. 30 seconds), 

15 with standard methods. 

T* storey was used in accordance wilh .he me,hod of me presen, invention fo 
I P Li, of wax - bans of me Wind routmely employed in Bnttsh Standard 

20 approximately 20cm by 2.5cm by 0.7cm. 

Tbe bare wete inidaUy chemical,, cleaned, washed and dfied in accordance with 

, , „a were ore-coaled with a refmctory slurry compnsmg a 
noimal good practice, and were pre coareu 

sUici so binder, a zircon sand refractory, and a water soluble polymet, but 
dipp ed Jo me fibre-modified slurey deseed above, held for a penod of ,0 - 
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seconds, and removed. Each bar was immediately stuccoed with Molochite® 30/80 
mesh grain and then placed under a fan for 1 hour for drying. 

After drying, a second coat was applied to each bar. Each bar was re-dipped as 
described above, stuccoed with Molochite® 16/30 mesh grain, and dried for one 
hour. Four further coats of slurry and Molochite® 16/30 mesh grain were 
subsequently applied to each bar in this manner, each coat being allowed a drying 
time of 1 hour. Thus, a total of six coats were applied to each bar within the 
course of an 8-hour working day. 

The coated bars were allowed to dry thoroughly overnight. Thereafter, each bar 
was placed in an autoclave at 8 bar pressure and 180 °C, such that the wax was 
melted out to leave a refractory shell. The shells were found to have an average 
thickness of approximately 8mm; that is, about 20% greater than the average 
thickness of shells formed under identical conditions from slurries comprising 
soluble organic polymers, of the kind known in the prior art. 

The permeability of the shells produced in accordance with the method described 
above was found to be comparable with that of shells available in the prior art. 
Moreover the strength per unit thickness of each shell produced as above was 
found to be at least equivalent to that of shells previously available; each shell 
having a green MOR (modulus of rupture) of approximately 3.5MPa or 502.8psi. 
The presence of intact Nylon® fibres in the finished shell served to improve the 
green strength thereof. 

The drying time required for each coat of fibre-modified slurry was also 
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arable with drying times of elastomer-modified prior art slurries. It is noted 
comparable with drying ^ & ^ ^ a§ 

that the rate of drying may be increased oy 
30/80 calcined MgO, to the stucco. 

5 shells made in — -* * — *— ^ ^ 

„ app—y 1 hour, aud were terf. read, * cas^g wrrh — ■ 

Example 2 

10 A *«, i„ accordance with .he — was produced from 1. lowing 
components: 

I5 11) or a P P— y u« - • — ^ 0(10 M ' P " ° f 

10.2, and 0.5% wt/wt antifoam. 



" *— ^ — * avai,abk f, ° m 

20 English China Clays). 

Water-insoluble organic fibres 

Polypropylene fibres; 1.8 denier, 1mm length. 



25 



ne shany was produced as Mows. 63g of polypropyleoe fibres were added .0 
The slurry w " . f binder )and mixed to 

3.5 litres (4.08kg) of the silica sol bmder (I8g fibres / 
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disperse the fibres therein. 6.13kg of refractory (3:2 wt/wt ratio of refractory : 
binder) was added to the resulting fibre-modified binder. The resulting mix was 
stirred thoroughly to produce a slurry. Following thorough agitation and 
dispersion, the viscosity of the slurry was tested using a Zahn 4 viscosity 
measuring cup (result: 10 seconds) and a B4 viscosity measuring cup (result: 30 
seconds), in accordance with standard methods 

The slurry was used in accordance with the method of the present invention to 
coat a plurality of wax test bars of the kind routinely employed in British Standard 
test procedure BS 1902. Each bar comprised an oblong block of wax measuring 
approximately 20cm by 2.5cm by 0.7cm. 

The bars were initially chemically cleaned, washed and dried in accordance with 
normal good practice, and were pre-coated with a refractory slurry comprising a 
silica sol binder, a zircon sand refractory, and a water soluble polymer, but 
containing no insoluble organic fibres; stuccoed; and dried. Each bar was then 
dipped into the fibre-modified slurry described above, held for a period of 10 - 20 
seconds, and removed. Each bar was immediately stuccoed with Molochite® 30/80 
mesh grain and then placed under a fan for 1 hour for drying. 

After drying, a second coat was applied to each bar. Each bar was re-dipped as 
described above, stuccoed with Molochite® 16/30 mesh grain, and dried for one 
hour. Four further coats of slurry and Molochite® 16/30 mesh grain were 
subsequently applied to each bar in this manner, each coat being allowed a drying 
time of 1 hour. Thus, a total of six coats were applied to each bar within the 
course of an 8-hour working day. 
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Tbe coa.ed ba* were allowed to dr, thorough!, overnight. Thereafter, each bar 

l.h. thrfk were found to have an average 
melted out to leave a refractory shell. The shells were 

Mcltness of approximately omnr; that is, abou, 20% greater than the average 

micltnesa of shells fonned under identical condidons from shrrnes cotnpnsrng 

soluble organic polymers, of the Kind known in the prior ad Dunug the 

autoclaving process, to polypropylene fibres, having a relanvely .ow meUmg 



green strength. 



The permeability of the shells produced rn accordance with the method descnbed 
atOT e was found to be comparable with that of shens available in me pnor art. 
Moreover rbe strength per unit thichness of each shell produce- as above « 
foM ,d to be a, M culvalen, ro rhat of shells previously «** each she* 
15 ta ving a green MOR (modulus of ruprure) of approximately 3,MPa or 502*.. 

The drying time retired fo, each coat of fibre-modified sluny was also 
LpLfe with drying times of earner-modified pHor a„ slurries, ft . no* 
ma, m. rate of drying may be increased by me addition of magnesra gmm, such as 
20 30/80 calcined MgO, to the stucco. 

Sheila made m accordance with the method described above were fired 
tor approximately 1 hour, arm were thereafter ready for casting wtm metal. 
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CLAIMS 



1 A method of investment casting, comprising the steps of mixing a binder, a 
refractory material, and a quantity of water-insoluble organic fibres to form a slurry; 
coating an expendable pattern with one or more coats of said slurry; and drying said 
one or more coats or allowing said one or more coats to dry to form a shell. 

2 A method as claimed in claim 1, wherein the fibres are dispersed in said 
binder prior to the addition of said refractory material to form said slurry. 

3 A method as claimed in claim 1, wherein said fibres are mixed with the 
refractory prior to addition of said binder to form said slurry. 

4 A method as claimed in any of claims 1-3, wherein said expendable pattern is 
coated with between 2-10, preferably between 3-5, coats of said slurry. 

5 A method as claimed in any of claims 1-4, further comprising the step of 
stuccoing each coat with a layer of a dry refractory material before the application of 
the next coat. 

6 A method as claimed in any preceding claim, further comprising the step of 
removing said expendable pattern from said shell, optionally by heating said shell to a 
temperature exceeding the melting point, or sublimation or decomposition 
temperature, of said pattern, such that the pattern is caused to melt, sublime or 
decompose, and causing or allowing said pattern to escape from the shell. 

7 A method as claimed in any preceding claim, further comprising the step of 
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heating said shell to a firing temperature for firing said shell. 

8 a method as claimed in claim 7, characterised in that the melting point of said 
fibre s is lower than said fixing temperature, such that the fibres are caused to melt 
during firing of said shell. 

9 A method as Calmed in any preceding data, characterised « *- » -* 
point „, said fibres exceeds the ntdting poin. or decomposition or sublimauon 
temperature of said pattern. 

10 A method as Canned in an, preceding Cain,, wherein the one.*, - warer in 
said share, is seiected such that rhe share, has a viscosity in the range 10-180, 
preferably 26-32 seconds, measured on a B4 cup. 

u A ntethod as dainted in an, preceding date, herein said fibres have a 
denier no greater than 250. 

n A method as Canned in Cairn 11, wherein said fibres have a denie, in the 
range 1.5-2.5 preferably 1.8-2.1. 

13 A rnedtod as daimed in an, preceding claina, wherein One ,ength of said fibres 
is lesS dtan 3mm and/or grearer than 0.25nu„, p-eferabl, between l-1.5tmn. 

M A nreUtod as Canned in any preceding daim, wherein .he specific gravity of 
said fibres is in .he range 0.5-3, preferably in Ibe range 1-1.5. 

B A ntethod as Canned in any preceding Cahn, wherein said wa.erinsoh.ble 
organic fibres comprise polypropylene fibres. 
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16 A method as claimed in any preceding claim, wherein said water-insoluble 
organic fibres comprise Nylon® fibres. 

17 A method as claimed in any preceding claim, wherein said water-insoluble 
organic fibres comprise bicomponent fibres comprising two or more fibre types 
woven or welded into each single bicomponent fibre strand. 

18 A method as claimed in any preceding claim, characterised in that said 
quantity of fibres constitutes less than 10%, preferably less than 5%, still more 
preferably less than 1%, most preferably less than 0.5%, by weight of said slurry. 

19 A method as claimed in any preceding claim, further comprising the step of 
incorporating in said slurry a quantity of elastomers and/or water-soluble polymers. 

20 A method as claimed in any preceding claim, further comprising the step of 
incorporating in said slurry a quantity of an antifoaming agent such as 
dimethylpolysiloxane. 

21 A method as claimed in any preceding claim, further comprising the step of 
incorporating in said slurry a quantity of an antifreeze. 

22 A method as claimed in any preceding claim, further comprising the step of 
incorporating in said slurry a quantity of one or more wetting agents. 

23 A method as claimed in any preceding claim, wherein said binder comprises a 
colloidal silica sol. 

24 A method as claimed in any preceding claim, wherein said refractory 
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comprises aluminosilicates, magnesia and/or zircon. 

25 A method as claimed in any preceding claim, further comprising the step of 
incorporating in said slurry a quantity of graphite and/or antracite particles and a 
quantity of fused silica. 

26 A method subsranrially as heminbefom descnbed with reference to ft. 
Examples. 

27 A * o. ingress tor putting the method of an, of dahns .-26 into effect 
organic fibres. 

28 a kit as claimed to data. 27, wherein said fibres are dispersed in said binder. 

29 A kit as churned to claim 27, whesein said fibres are mixed with said 
refractory material. 

t ,ioimc 77 29 wherein said binder further comprises 

30 A kit as claimed in any of claims 27-zy, wnercm 

an antifreeze. 

c i w 97 -v. wherein said binder further comprises 

31 A kit as claimed in any of claims 27-30, wherein sau. 

an antifoaming agent such as dimethylpolysiloxane. 

32 A kit as claimed in any of claims 27-31, wherein said binder further comprises 
elastomers and/or water-soluble polymers such as styrene butadiene. 



33 A kit 



i, as claimed in any of claims 27-32, wherein said binder fonhc, comprises 
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one or more wetting agents, such as bis(polyoxyethylene) 2-ethylhexylphosphate. 

34 A kit as claimed in any of claims 27-33, further comprising a quantity of 
deionised water for adjusting the viscosity of said slurry. 

35 A shell produced by the method of any of claims 1-26. 

36 A refractory slurry comprising a binder, a refractory material, and a quantity 
of water-insoluble organic fibres, for use in the method of any of claims 1-26. 

37 A refractory slurry recited in claim 36, wherein the quantity of water in said 
slurry is selected such that the slurry has a viscosity in the range 10-180 seconds, 
preferably 26-32 seconds, measured on a B4 cup. 
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